Objective: We investigated secular trends in incidence of first-ever stroke and the prevalence of stroke risk factors within the same population in rural China.
METHODS The study population was recruited to the Tianjin Brain Study, a population-based stroke surveillance study in a township in Tianjin, China, in 1985. The total population was 15,438 persons distributed within 18 administrative villages. Approximately 95% of the participants were low-income farmers. The main source of income was producing grain, and the per capita disposable income (determines an individual's ability to purchase goods or services) 10 was ,$100 USD in 1991 and ,$1,000 USD in 2010. 4 The average education years were 4.75 years in 1991 and 5.26 years in 2011. Few residents were covered by national medical insurance before 2008. The population size by 5-year age strata for men and women was obtained from the local permanent resident registry. The population was adjusted by adding births and immigrations and deducting deaths and emigrations from January 1 to December 31 every year, based on the registration information from local police stations. All death registries were from the local police station, and the qualified hospital provided certification based on the medical records of patients. No autopsies were performed due to cultural traditions.
A first-ever stroke event was defined as the first occurrence (there was no history of stroke in prior medical records) of rapidly developing signs of focal neurologic disturbance of presumed vascular etiology lasting for .24 hours. 11 Hemorrhagic stroke was defined as intracerebral hemorrhage (ICH) or subarachnoid hemorrhage, and ischemic stroke was defined as thrombotic brain infarction, cardioembolic stroke, or lacunar infarct; undetermined stroke was defined as stroke that could not be classified as any of the previous types. All patients were diagnosed with fully clinical strokes, with significant clinical symptoms and signs. TIA and silent strokes (diagnosed by imaging only) were excluded, but stroke cases with a history of TIA were regarded as incident events. Patients with transient symptoms but with concurrent neuroimaging evidence of a brain infarction were considered as stroke cases, based on the "tissue" definition. 12 In the early phase of this study (1992) (1993) (1994) (1995) (1996) (1997) (1998) , the events were confirmed mainly based on clinical examination by senior neurologists for nonhospitalized patients and the medical records for hospitalized patients.
A stroke surveillance network was established in 1985; the details were described in a previous study. 9 Briefly, 3 sources were used to obtain information regarding stroke events. The first, local licensed village doctors (LLVD), reported events according to a predefined procedure. This is the main information resource as LLVD were the first medical professionals to treat patients. Second, medical records were obtained from the hospital or insurance company for inpatients or from family members of patients for outpatients. Third, the all-cause death registry supplemented those stroke events that failed to report. The LLVD reported initial stroke events to physicians in community health centers within 24 hours of onset; the physicians then visited patients' homes to confirm stroke events within 72 hours for outpatients. They reported the confirmed stroke events to neurologists in Tianjin Medical University General Hospital (TMUGH) monthly. Finally, the neurologists identified possible stroke events by interview.
To ensure accurate recording of stroke events, the LLVD and the physicians were trained annually on the predefined study protocol by a neurologist. The Quality Control Group conducted an omission survey annually by comparing multiple overlapping sources, including the hospital admissions register and the local death register, and by interviewing the patients' relatives.
We used the same method as the risk factor survey described in a previous study. 8 Detailed information included demographic information and risk factors. The physical examinations included measurement of blood pressure, body height, and weight. Hypertension was defined as systolic blood pressure (SBP) $140 mm Hg or diastolic blood pressure (DBP) $90 mm Hg or receiving medications for hypertension. Diabetes was defined as selfreported diabetes history. Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters, and obesity was defined as BMI $28 kg/m 2 . 13 Fasting glucose (FG), total cholesterol (TC), and triglycerides in the serum were tested in the central laboratory of the Tianjin Neurological Institute. Because of limited funding, there were 1,092 participants aged 35-64 years in 1991 and 1,939 individuals aged 35-74 years in 2011.
CT was first applied in 1992 and has been widely used since 1999, and MRI became available in 2006; hence, stroke incidence was analyzed over 3 separate time periods: 1992-1998, 1999-2005, and 2006-2012. The incidence of first-ever stroke events were calculated separately using the denominator of the numbers of person-years for 1992-1998, 1999-2005, and 2006-2012. The age-standardized incidences were calculated with the direct method using the world standard population by 10 age groups: ,35, 35-39, 40-44, 45-49, 50-54, 55-59, 60-64, 65-69, 70-74, and $75 years. 14 We analyzed the trends in incidence of stroke by comparing 3 study periods (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) , and 2006-2012) overall, and 2 study periods (1999-2005 and 2006-2012) for type-specific stroke, because of the lower percentage of diagnosis by imaging in the first study period (1992) (1993) (1994) (1995) (1996) (1997) (1998) . We estimated the relative risk (RR) for ageadjusted stroke incidence using Poisson regression in the 3 study periods, with the first period as the reference. Trends in agestandardized incidence of stroke were calculated from the annual percentage of change (APC) by sex and type (hemorrhagic stroke and ischemic stroke), using the regression model log (r t ) 5 a 1 bt, where log denotes the natural logarithm and t is the year. The trend b was estimated from the ordinary regression, and 100b represents the estimated APC of incidence. 5 We evaluated the APC from 1992 to 2012 for all stroke, and from 1999 to 2012 for type-specific stroke for lack of enough neuroimaging evidence during the first term. In addition, we analyzed the changes in the levels of risk factors between 1991 and 2011. The SBP, DBP, FG, TC, and triglycerides between 2 surveys were compared by t test. Statistical significance was defined as p , 0.05. SPSS version 15.0 for Windows (SPSS, Chicago, IL) was used for the analyses.
Standard protocol approvals, registrations, and patient consents. The ethics committee of TMUGH approved the study, and informed consent was obtained from all residents during recruitment.
RESULTS
During 304,260 person-years of followup, we identified 908 patients with a first-ever stroke in this township, with 542 (60%) occurring in men and 366 (40%) in women. The age at incidence of first-ever stroke in men decreased by 3.3 years (p 5 0.007) for all stroke over the 21-year time period, but these trends were not observed in women. The proportion of diagnoses by imaging (CT/MRI) improved during the study period (p , 0.001; table 1). Table 2 shows that the age-standardized incidence per 100,000 person-years in the whole population increased steadily from 124.5 in 1992-1998 to 190.0 in 1999-2005, and finally to 318.2 in 2006-2012 (p , 0.001). The RR of first-ever stroke increased steeply with time both in men and women; we observed a 53% increase in 1999-2005 and a 156% increase in 2006-2012 compared to 1992-1998 (p , 0.001). A higher risk for first-ever stroke was found in women (p , 0.001). The agestandardized incidence of first-ever stroke by type showed that the incidence of main types of stroke, including ICH and ischemic stroke, increased significantly in both men and women from 1999 to 2012. The greatest RR was present in men with ICH and in women with ischemic stroke in 2006-2012. Using 1999-2005 as a reference point, there was a higher RR in 2006-2012 across sexes.
Compared to 1992-1998, the incidence of firstever stroke in 2006-2012 increased 2.3-fold among those aged ,45 years (p 5 0.003), 2.6-fold among those aged 45-64 years (p , 0.001), and 1.1-fold among those aged $65 years (p , 0.001). We observed the greatest increase (by 3.1-fold) in men aged 45-64 years (p , 0.001). In 2006-2012, the incidence in those aged 45-64 years increased by 1.3fold (p 5 0.010) for ICH and by 1.4-fold (p 5 0.030) for IS, compared with 1999-2005 (table 3) . Table 2 Age-adjusted incidence and relative risk of first-ever stroke by type in the Tianjin 113  157  272  65  102  199  178  259  471 Education level, y, mean (SD)
Age at onset, y, mean (SD) 67.9 (1.0) 65.6 (0.9) 64.6 (0.7) a 64. 3 The APC in the age-standardized incidence of first-ever stroke increased by 6.5% overall (p , 0.001), 5.8% for men (p , 0.001), and 8.0% for women (p , 0.001) during 1992-2012; and 8.2% for hemorrhagic stroke (p 5 0.006) and 8.0% for ischemic stroke (p , 0.0005) during 1999-2012. The age-standardized incidence of first-ever stroke in those aged 45-64 years increased annually by 12.4% for hemorrhagic stroke (p 5 0.003) and by 11.7% for ischemic stroke (p , 0.0001; table 4).
The prevalence of high FG ($7.0 mmol/L) and alcohol consumption increased by 524.1% and 82.4%, respectively, from 1991 to 2011 (p , 0.001). There were 11-fold and 1.2-fold increases for prevalence of high FG and alcohol consumption in men aged ,45 years, respectively. Moreover, SBP, DBP, and levels of TC, triglycerides, and FG increased over the past 21 years (p , 0.001) (table 5) . DISCUSSION China, which includes approximately 20% of the world's population, has experienced rapid urbanization, accelerated population aging, and considerable lifestyle changes over the past 20 years. In our population-based prospective study, there was an upward trend in the incidence of first-ever stroke in rural residents in China. We observed a very high age-standardized incidence of first-ever stroke of 320/100,000 population in 2012. Compared with 1992-1998, first-ever stroke incidence increased by 53% in 1999-2005 and 156% in 2006-2012, and a greater than 3-fold increase in incidence was observed in men aged 45-64 years from 1992 to 2012.
Several studies have indicated a downward trend in the global incidence of stroke. Between 1981 and 2004, a 29% decrease in first-ever stroke incidence was reported in the Oxford Vascular Study. 15 In the American Greater Cincinnati/Northern Kentucky Stroke Study, the incidence of first-ever stroke decreased in the white population between 1993 and 2005, but no change was observed in the black population. 16 In Korea, the age-standardized incidence rates of stroke have continuously decreased from 173/100,000 people in 2006 to 135/100,000 people in 2010. 17 The data from Rotterdam suggest that between 1990 and 2008, stroke incidence rates decreased in men but not in women. 18 The incidence of ischemic stroke decreased in elderly people in Sweden from 1987 to 2010. 19 In contrast, the incidence of stroke has increased in China over the past decades. In line with our observations, the incidence rate of stroke significantly increased from 1984 to 2004 in an urban population aged 25-74 years in Beijing. 5 Moreover, the incidence of ischemic stroke increased during the 1990s in 3 large Chinese cities. 6 Contrary to the results from western countries, in the present study, the incidence of first-ever stroke increased both in men and in women. The agestandardized incidence of first-ever stroke increased annually by 6.5% overall, 8.2% for hemorrhagic stroke, and 8.0% for ischemic stroke. The incidence of hemorrhagic stroke in those aged 45-64 years increased by approximately 12.4% annually, and over the past 20 years, the age of first-ever stroke in men was reduced by 3 years. Table 3 Relative risk (95% CI) of first-ever stroke incidence by age and type in the Tianjin Brain Study Growing trends in stroke incidence at younger ages have been reported in several studies. In a study from Hong Kong, hemorrhagic stroke incidence increased by 10%-11% among those aged 35-44 in 2005-2007 compared with incidence in 1999-2001. 20 The Greater Cincinnati/Northern Kentucky Stroke Study reported a significant increase in the incidence of stroke among those aged 20-54 years from 26/100,000 to 48/ 100,000 between 1993 and 1994 and 2005. 21 A large number of studies have confirmed that hypertension, diabetes, excess weight and obesity, and alcohol consumption can increase the risk of cardiovascular diseases (CVD) and stroke. [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] Using a cross-sectional survey conducted from 2000 to 2001 with a nationally representative sample (n 5 14,690), Gu et al. 34 assessed the prevalence of CVD risk factors among Chinese adults aged 35-74 years. They demonstrated that clustering of CVD risk factors is common in China; overall, 80.5% of the adults in China have at least one of the following CVD risk factors: hypertension, diabetes, dyslipidemia, smoking, and overweight. Furthermore, 2 recent studies found that the prevalence of CVD risk factors increased among rural residents in Beijing, China. 35, 36 In line with these results, in this population from 1991 to 2011, the prevalence of risk factors, such as hypertension, obesity, selfreported diabetes, high FG, and alcohol consumption, increased significantly, while that of smoking decreased by 19.5%. We also observed increases in the levels of SBP (7.9%), DBP (5.3%), TC (9.3%), triglycerides (22.1%), and FG (12.8%). Concurrently, we observed an increased incidence of firstever stroke in this population.
A study from the United States indicated that, although smoking rates decreased significantly in European Americans, the prevalence of obesity, hypertension, and hypercholesterolemia increased significantly. However, the prevalence of CVD retained stable in this population between 2005 and 2009. 37 Another study from Sweden investigating the secular trends in cardiovascular risk factors indicated that there were significant reductions in smoking, TC, and blood pressure levels in both men and women. However, diabetes prevalence, body weight, and BMI increased in both sexes, and triglycerides increased in men in the general population; simultaneously, the incidence and mortality rates of stroke were stable from 1987 to 2006. 38 In the present study, we observed an overall increased incidence of first-ever stroke along with a decreased prevalence of smoking. In addition, there was a simultaneous increase in the incidence of first-ever stroke and the prevalence of current smoking status in men aged ,45 years. Table 4 Annual proportion of changes in the age-standardized incidence of first-ever stroke by sex and type in the Tianjin Brain Study from 1992 to 2012 (95% CI) The increased incidence of first-ever stroke in this large population-based study may be partly explained by the corresponding increase in risk factors within this township. In the present study, we found a steady increase in the incidence of first-ever stroke in both men and women, with the greatest increase in the incidence of first-ever stroke among men aged 45-64 years. Concurrently, from 1991 to 2011, there was a significant increase in the prevalence of hypertension, obesity, diabetes, and alcohol consumption, especially in men aged 45-64 years. Moreover, over the past 21 years, average SBP and DBP increased by 11.3 mm Hg and 5.7 mm Hg in men aged 45-64 years, respectively. Therefore, these steep increases in the prevalence of hypertension, obesity, diabetes, and alcohol consumption, in addition to the increases observed in the levels of FG, TC, and triglycerides, are probably the main reasons for the increased incidence of first-ever stroke in men aged 45-64 years, despite the decline in smoking. The obvious increase in the prevalence of obesity (8.8-fold), high FG (11fold), smoking (24.8%), and alcohol consumption (1.2-fold) in men aged ,45 years may contribute to the earlier age at first-ever stroke in young men.
Age
There were certain limitations within this study. First, during 1992-1998, the proportion of diagnoses verified by CT/MRI (46%) was lower than the recommended 80%. However, we assessed the symptomatic stroke in this study, and all stroke events were verified by a senior neurologist from TMUGH. Moreover, we evaluated the stroke incidence by type during 1999-2012, excluding 1992-1998. Second, the number of strokes may be underreported because of a lack of registration of strokes experienced by subjects who died from stroke before seeking medical attention. Third, the application of national medical insurance might increase the proportion of diagnosis by neuroimaging and hospital admission of stroke events. However, it could not increase the numbers of stroke events, because all stroke events in this study are symptomatic stroke; silent strokes were excluded. Fourth, risk factors were only monitored twice during the study periods. However, we conducted 2 surveys of risk factors in the same population from the same Table 5 The prevalence of cardiovascular risk factors in the general population from 1991 to 2011 in the Tianjin Abbreviations: BMI 5 body mass index; DBP 5 diastolic blood pressure; FG 5 fasting glucose; SBP 5 systolic blood pressure. a Data expressed as % (standard error) or mean (SD). b p , 0.05 for comparison between 2 surveys.
area. Moreover, an omission survey was conducted only once annually, resulting in potential recall bias. Finally, due to the characteristics of the study, it was not possible to fulfill all the WHO STEPS procedures. 39 However, these limitations are partially overcome by the large study population, the prospective study design, and the long follow-up period of 21 years. At least 100,000 person-years of observations during all 3 study periods fulfills the criteria for population studies and follows the guidelines for a stroke incidence study. 40 Our study provides the first longitudinal data on stroke incidence and presents risk factor prevalence in the general population during a 21-year period in a low-income rural area in China. There has recently been a sharp increase in the incidence of first-ever stroke, particularly among young and middle-aged people from 2006 to 2012. Simultaneously, the prevalence of dominant risk factors for stroke, such as hypertension, obesity, diabetes, and alcohol consumption, have increased, while smoking prevalence decreased only slightly. These findings indicate that the incidence of stroke in China will continue to increase in future decades unless these risk factors are efficiently controlled in young adults.
